The extraction of climatic signals from time-series of biogeochemical data is further 2 complicated in estuarine regions because of the dynamic interaction of land, ocean and 3 atmosphere. We explored the behavior of potential global and regional climatic 4 stressors to isolate specific shifts or trends, which could have a forcing role on the 5 behavior of biogeochemical descriptors of water quality and phytoplankton biomass 6 from Florida Bay, as an example of a sub-tropical estuary. We performed statistical 7 analysis and subdivided the bay into six zones having unique biogeochemical 8 characteristics. Significant shifts in the drivers were identified in all the chlorophyll a 9 time-series. Chlorophyll a concentrations closely follow global forcing and display a 10 generalized declining trend on which seasonal oscillations are superimposed, and it is 11 only interrupted by events of sudden increase triggered by storms which are followed by 12 a relatively rapid return to pre-event conditions trailing again the long-term trend. 13 14
INTRODUCTION 18
Two of the most important challenges of global change ecological research are to be 19 able to detect ecosystem changes while they are happening and to directly tie these 20 changes to the pertinent environmental drivers. This is especially true when dealing 21 with phytoplankton, as individuals and populations vary over weeks while communities 22 vary over seasonal and annual cycles. Understanding the temporal variability in 23 9 9 periods before and after a significant shift in the cumulative z-score plots were 1 independently tested for significance using the nonparametric Mann-Whitney test. 2 
3

RESULTS 4
Subdivision of FB by PC-Cluster analysis 5
Our factor analysis rendered 6 main factors (F1 to F6; p<0.05)) which explain 79.1% 6 of the variance. Varimax rotation allowed direct link of these factors to specific water 7 quality parameters controlling their structure as shown in Table 2 . F1 is mostly a 8 function of TN, TON and TOC; F2 is mostly composed of inorganic N species, NO 2 -, 9
NO 3
-and NH 4 + ; F3 main loadings were TP, CHLA and turbidity; F4 principally included 10 temperature and DO; F5 is highly correlated with SRP; and F6 is an exclusive function 11 of salinity. There is a striking similarity between these factors and the principal 12 components derived by Boyer et al. (1997) for Florida Bay, except that SRP now 13 defines a new factor. This similarity in results suggests a highly robust and long-lasting 14 relationship among variables. 15 We calculated the mean, standard deviation, median and median absolute deviation 16 (MAD) for the factor scores for each one of the sampling sites and used those statistics 17 as input for the hierarchical clustering routine (SYSTAT ® ). Euclidean distances were 18 the metrics and either single linkage (nearest neighbor) or Ward minimum variance 19 methods were used to define clusters or ZSI. Preliminary results indicated that including 20 sampling sites from small bays along the northern margin of FB biased the analysis 21 leading to the formation of clusters whose samples were geographically dispersed. 22
Hence, we excluded those samples from further cluster analysis and kept them as a 23 separate group. Finally, we selected two parametric indexes (mean and standard 1 deviation) and two non-parametric indexes (median and MAD) as input for hierarchical 2 clustering, and Ward minimum variance to define clusters (Fig. 1 ). This selection 3 rendered consistency in the associations of sampling stations, and coherence in their 4 geographical distribution and geomorphologic setting, as compared to those obtained 5 when using single linkage methods. 6
The combination of results from our factor analysis and clustering methods 7 subdivide Florida Bay into five discrete zones ( Fig. 1 
Zone Characteristics 18
Northern Bays 19
The NB includes the three relatively isolated bays (Long Sound, Joe Bay, and Little 20 Madeira Bay) in the northeast region of Florida Bay, which are not significantly affected 21
by tides or the influence of marine waters. Salinity and nutrient concentrations react 22 quickly to rainfall and inflow from creeks draining Taylor Slough and C-111 canal 23 Table 3 ). Low incidence of blooms is 5 the result of extreme P limitation caused by low P contribution from the Everglades 6 combined with Ca-rich sediments that immobilize the already scant P supply (Boyer et 7 al. 1997; Fourqurean and Robblee 1999) . Calculated climatology for CHLA (Fig. 3) and 8 Mann-Whitney test indicate that CHLA in NB is significantly lower in the wet season 9 (May-Oct) than in the dry season (p<0.005). Results also suggest that CHLA 10 distribution is bimodal during the dry season, with one peak occurring in November-11
December and a second one in March. The lack of information on the species 12 composition and dynamics of zooplankton communities in NB hinders further insight on 13 its cause. 14 15
Eastern Florida Bay 16
FBE, located at the extreme northeast portion of FB ( Fig. 1) , is mostly unaffected by 17 tides or influenced by marine waters due to the damping effect of mud banks to the west 18 and the Florida Keys to the south. Most interaction is with NB to the north and FBEC to 19 the west, so residence times are long. The major contribution to its freshwater budget 20 comes from rain and mixing with NB. CHLA is very low (median=0.49 µg l -1 ) in FBE and 21 concentrations are significantly higher in the wet season (median=0.56 µg l -1 ) than in the 22 dry season (0.39 µg l -1 ), but the range is greater during the latter (Fig. 2) . where addition of silica readily stimulates productivity. The persistence of blooms in 6 FBC may well be a consequence of the described characteristics and location of this 7
zone, but according to Phlips et al. (1999) is also due to the special ecophysiological 8 characteristics of the Synechococcus cf. elongatus. Among them, its tolerance to a 9 wide salinity range (5-50; Phlips and Badylak, 1996; Richardson, 2001 )., improved 10 efficiency to compete for P at low concentrations, here underscored by the largest 11 alkaline phosphatase activity level (median APA=1.14 µM h -1 ); capacity to regulate 12 buoyancy, ability to take up organic N, and resistance to grazing losses (Hitchcock et al. and CHLA is moderate (0.54 µg l -1 ) with maximum values in the dry season (Fig. 3) . 21
Biovolume studies (Phlips et al. 1999 ) indicate that phytoplankton assemblages are (Fig. 3) suggests a bimodal distribution 15 for blooms with a mode in October-November and a second one in January. 16 
17
Exogenous Drivers 18
Potential external climatic drivers were explored for the last 40 years to isolate 19 specific shifts or trends, which could have a forcing role on water quality and 20 phytoplankton biomass. The focus was on the North Atlantic Oscillation (NAO), the 21 Atlantic Multidecadal Oscillation (AMO) index and tropical cyclone activity as they relate 22 to regional and local phenomena such as precipitation over the bay, managed flows 23 from the Everglades, and hurricane impacts. With that objective we explored the 1 structure of time-series using Z-CUSUM charts, which provided direct visual comparison 2 among time-series. (Fig. 4) but shared a common and drastic change in late 1994 6 (confidence limit (CL)=96%), suggesting a shift to higher SST and higher precipitation 7
rates. 8
In keeping with the aforementioned trends, the period from 1970 to 1994 9 experienced low tropical cyclone activity, in terms of number, frequency, and strength of 
Endogenous Drivers 20
Rainfall data for our analysis in the FB region come from stations located at the 21 Florida Coastal Everglades LTER, Key West, and Flamingo (Fig. 1) . Time-series were 22 obtained from the South Florida Water Management District DBHYDRO database, and 23 the average monthly precipitation was calculated for each station to construct 1 cumulative curves. These data sets have similar Z-CUSUM patterns and display high 2 frequency seasonality, partial tendencies and cycles of diverse span and amplitude. We into FB are closely tied to precipitation rate (Fig. 5) . The flow volume signal mimics that 19 of precipitation, except for events of extremely high flows delivered before major storms 20 which would cause sudden drops in salinity and nutrient load unbalance causing major 21 disturbances in the bay. Additional information to substantiate further the shift in the 22 early 1990s, comes from stage and flow measurements from 1978 to 1999 in the Taylor 23 River Basin (station NP-TSB; latitude 252406, longitude 803624; DBHYDRO), which 1 shows a substantial shift from below average to above average level for both stage and 2 flow, centered around 1992-1994. In summary, the major signal shifts of global climatic 3 stressors (NAO, AMO) seem to be imprinted on precipitation and water flow to FB, 4 hence, in final water availability in the bay (rain plus canal flows). On one hand, water 5 management has a limited effect on freshwater flows to the bay; however, the difference 6 it can make in the water budget of Florida Bay is large, especially during seasonal 7 extremes. 8 9
Climate and Phytoblankton Biomass 10
Besides affecting salinity dynamics, the amount, intensity, and distribution of 11 conditions and drought (Hurrell 1995) . Following a highly variable period from 1970 to 21 1988 (Fig. 4) , statistically significant change-points were detected in the NAO time-22 series during December 1988 (93%,CL), April 1995 (100% CL) and April 2008 (91% 23
